The aim of this work is the protection of piroxicam from photodegradation by forming inclusion complex with 2-hydroxypropyl-β-cyclodextrin. Piroxicam:2-hydroxypropyl-β-cyclodextrin molecular inclusion complex was prepared by coprecipitation method with 1:1 molar ratio. Structural characterization of the complex, the corresponding physical mixture and complexing agents of piroxicam and 2-hydroxypropyl-β-cyclodextrin was carried out by X-ray diffraction (XRD), proton nuclear magnetic resonance ( 1 H-NMR) and Fourier transform infrared spectroscopy (FTIR). Photosensitivity to daylight of piroxicam and piroxicam:2-hydroxypropyl-β-cyclodextrin inclusion complex was investigated by FTIR. The investigations show that higher photostability of piroxicam was achieved in the complex than in non-complexed piroxicam.
Piroxicam
(4-hydroxy-2-methyl-N-pyrido-2-yl-2H--1,2-benzothiazine-3-carboxamide-1,1-dioxide) is the first representative of the class of non-steroidal anti--inflammatory drugs of the oxicam group with analgesic, antipyretic and anti-inflammatory effects.
Piroxicam shows polymorphism and can exist in several conformations [1] and prototrophic shapes [2] . Different conformations are proposed for piroxicam in the basic state, in accordance with the ability of forming intramolecular hydrogen bonds between the enol hydroxyl group and amide carbonyl oxygen [3] . Due to zwitterion formation it is found that neutral form is its basic state. It is difficult to isolate this behavior spectroscopically, so neutral and zwitterionic forms together are called "globally neutral" [4] . Excited state intramolecular proton transfer (ESIPT) of piroxicam is very sensitive to solvent polarity [5] . Acid-base balance leads to the existence of different prototrophic forms of piroxicam, investigated during the complexation with cyclodextrins [6] . Similar spectroscopic behavior has been found between piroxicam and one of its precursors, i.e., 4-hydroxy-2-methyl-1,2-l-benzothiazine--1,1-dioxide-3-methylcarboxilate, where pyridine ring and amide groups are absent [7] .
Despite large pharmacological and therapeutic potential, piroxicam is hydrophobic and has low solubility in aqueous media, which limits its application. The tests showed enhanced release of piroxicam from granules with β-cyclodextrin [8] . Inclusion complexes of piroxicam and β-cyclodextrin can be obtained by various methods, such as physical mixing, coprecipitation, evaporation and heating under reflux [9, 10] . Inclusion complex of piroxicam with 2-hydroxypropyl-β-cyclodextrin has a significantly improved solubility [11] .
Piroxicam can cause skin sensitivity to sunlight and therefore is subject to photochemical tests [12] [13] [14] [15] . The investigations of photostability of drugs and medicinal formulations are very important. Drug photodecomposition may result in loss of efficiency and development of product side effects due to the formation of photodegradation products during storage or use. Photostability depends on the light wavelength, intensity and time of exposure. Clinical tests have shown that irradiation of piroxicam produces ampiroxicam as a photodegradation product, which cannot be created by biotransformation of piroxicam [16] . Glass et al. have investigated the structure of the resulting photodegradation products and photostability of piroxicam and other drugs [17] .
Cyclodextrins and their derivatives are specific drug carriers, because of their ability to alter the physical, chemical and biological properties of the molecules included in their cavities. They have a three-dimensional structure with OH groups on the outside and inside are hydrogen atoms. In an aqueous solution nonpolar aliphatic and aromatic molecules of appropriate size may enter the hydrophobic cavities of cyclodextrins [18] . As complexing agents they are capable of enhancing solubility, photostability, volatility and bioavailability of various drugs, e.g., nifedipine [19] , amlodipin besylate [20] , atenolol [21] or allicin [22] . Because of better solubility at room temperature than β-cyclodextrin, in this study, 2-hydroxypropyl-β-cyclodextrin was chosen (Figure 1) .
The aim of this work is to prepare a molecular inclusion complex of piroxicam:2-hydroxypropyl-β-cyclodextrin, to enhance the photostability of piroxicam within the complex. The results obtained for the inclusion complex by nuclear magnetic resonance ( 1 H-NMR), X-ray diffraction (XRD) and Fourier transform infrared spectrometry (FTIR) were compared with those of physical mixture of piroxicam and 2-hydroxypropyl-β-cyclodextrin.
EXPERIMENTAL

Materials and methods
Piroxicam was acquired from Megafine Pharma Ltd. (99.67% purity), while 2-hydroxypropyl-β-cyclodextrin. (97%) was supplied by Merck, Darmstadt. Other solvents and reagents used were p.a. purity.
Preparation of inclusion complex by co-precipitation
Piroxicam (1 mmol, 331.348 mg) and 2-hydroxypropyl-β-cyclodextrin (1 mmol, 1540 mg) were mixed and dissolved in 150 cm 3 of water. The solution was mixed at room temperature for 72 h. Due to poor solubility, the prepared solution was then subjected to ultrasound. The ultrasound device Sonic, Nis (YU) was used and a ultrasonic bath with dimensions A:B:H = 300 mm×151 mm×200 mm, 8 dm 3 volume, under the following conditions: temperature 30 °C, ultrasound wave frequency 40 kHz and power of 150 W, the total nominal power of 3×50 W and exposure time was 1 h. After treatment by ultrasound, this solution was evaporated in a vacuum evaporator at 50 °C, protected from the light, to volume of approximately 20 cm 3 , and then dried in a desiccator above concentrated sulfuric acid at 25 °C. After drying, a yellow crystalline complex was obtained and used for further investigations.
Preparation of physical mixture
Physical mixtures were prepared by simple mixing of piroxicam with complex agents 2-hydroypropyl-β--cyclodextrin in 1:1 molar ratio.
Infrared Fourier transformation (FTIR)
FTIR spectra of samples were recorded in KBr tablet (0.2 mg of sample, 140 mg of KBr), wavelength range from 4000 to 400 cm -1 on the FTIR spectrophotometer of Bomem Hartmann & Braun MB-series.
X-Ray crystallography
X-Ray diffraction was performed on a Phillips PW 1030 powder diffractometer by exposing the samples to monochrome CuKα radiation, λ = 1.54178 Å and 
RESULTS AND DISCUSSION
Structural characterization of the obtained molecular inclusion complex piroxicam:2-hydroxypropyl-β--cyclodextrin was performed by the methods: X-ray diffraction (XRD), proton nuclear magnetic resonance ( 1 H-NMR) and Fourier transform infrared spectroscopy (FTIR).
In Figure 2 given are the diffraction patterns of piroxicam, 2-hydroxypropyl-β-cyclodextrin, physical mixture and piroxicam:2-hydroxypropyl-β-cyclodextrin molecular inclusion complex.
High similarity between the diffraction pattern of the complex and the diffraction pattern of the complexing agent 2-hydroxypropyl-β-cyclodextrin is observed in Figure 2 . Broad peaks at 11.6 and 18-19° in diffractogram of 2-hydroxypropyl-β-cyclodextrin, which are not structured, indicate an amorphous structure, which is partially retained in the piroxicam:2-hydroxypropyl-β-cyclodextrin complex. Piroxicam diffraction patterns (Figure 2c ) have a number of sharp peaks at 8.6, 11.8, 14.4, 17.6, 21.6, 25.9 and 27.3° with clearly defined reflections, characteristic of an arranged crystal structure. Peaks of piroxicam are present in the diffractogram of physical mixtures (Figure 2a) , while in the diffractogram of the complex (Figure 2b ) there are none, probably due to the fact that they are protected in the cavity of 2-hydroxypropyl-β-cyclodextrin. The results of this analysis are consistent with published data [11] .
In order to prove the formation of piroxicam:2--hydroxypropyl-β-cyclodextrin inclusion complex 1 H--NMR analysis was used and the results of these studies are presented in Table 1 , and the markings of C-atoms containing protons of glucopyranose units (A) and piroxicam (B) are given in Figure 3 .
1 H-NMR spectrum of the piroxicam:2-hydroxypropyl-β-cyclodextrin complex (Table 1) the spectra of the complexes indicate that the H 3 and H 6 protons are involved in a noncovalent interaction with the guest molecule, piroxicam, i.e., that there was an inclusion in the cavity of 2-hydroxypropyl-β-cyclodextrin.
The FTIR spectra of piroxicam (A), 2-hydroxypropyl-β-cyclodextrin (B), physical mixture (C) and piroxicam:2-hydroxypropyl-β-cyclodextrin complex (D) are shown in Figure 4 .
In the FTIR spectrum of piroxicam ( Figure 4A ) a sharp medium intensity band with a maximum at 3338 cm -1 is the result of valence vibrations of OH groups, ν(OH), and a low intensity band with a maximum absorbance at 3393 cm -1 corresponds to the valence vibration of NH group, secondary amide, ν(NH) [8, 23] . Absorption bands from the conjugated benzene ring and pyridine are located in the range from 1650-1550 cm -1 [11] . In the FTIR spectrum of piroxicam ( Figure 4A , which are present in the spectrum ( Figure 4B ).
Comparative analysis of the FTIR spectra of piroxicam and 2-hydroxypropyl-β-cyclodextrin and the spectrum of physical mixtures ( Figure 4C) shows the 
Figure 3. Numeration of C-atoms in the glucopyranose unit of 2-hydroxypropyl-β-cyclodextrin (A) and piroxicam (B).
presence of both components, as expected since there was no interaction in the mixture. FTIR spectrum of piroxicam:2-hydroxypropyl-β-cyclodextrin complex ( Figure 4D ) was modified in relation to the spectra of piroxicam and 2-hydroxypropyl-β-cyclodextrin. In the complex spectrum, intensive band in the range of OH group valence vibrations, which occurs at 3431 cm -1 in 2-hydroxypropyl-β-cyclodextrin is shifted by 9 units toward the higher values of wavelength and occurs at 3440 cm -1 . In the same range for 
. FTIR spectra of piroxicam (A), 2-hydroxypropyl-β-cyclodextrin (B), physical mixture of piroxicam and 2-hydroxypropyl-β-cyclodextrin (C) and piroxicam:2-hydroxypropyl-β-cyclodextrin inclusion complex (D).
the complex there are no bands present at 3338 and 3393 cm -1 , which are characteristic of the ν(OH) and ν(NH) of piroxicam. Also, there are no bands in the complex indicative of ν(C=C) from the aromatic structures and bands ν(C=O) from the secondary amide groups present in piroxicam. CH valence vibrations, which occur at 2927 cm -1 in the spectrum of 2-hydroxypropyl-β-cyclodextrin are shifted towards lower values of wavelength in the spectrum of the complex and appear at 2925 cm -1 . These shifts may indicate the interaction of these groups from 2-hydroxypropyl-β--cyclodextrin with the corresponding groups from piroxicam. A band of C-O valence vibrations from 2-hydroxypropyl-β-cyclodextrin at 1155 cm -1 in the complex is shifted to 1150 cm -1 , which also supports the hypothesis of piroxicam inclusion in the cavities of the host.
C1 conformation of glucopyranose unit of host molecules in the complex is not affected because there are bands present at 940 and 853 cm -1 which are also present in the spectrum of 2-hydroxypropyl-β-cyclodextrin.
These studies are consistent with the results of XRD and 1 H-NMR analyses and indicate a molecular encapsulation of piroxicam.
Piroxicam is a photosensitive molecule and under the influence of light it can degrade whereby the pharmacological activity and safety of its use are reduced, and on the other hand, the adverse effect of the products formed is increased. There are data in the literature on photostability and possible degradation products of piroxicam [11, 17] . Kochevar et al. examined the sensitivity of patients to piroxicam photodegra- dation products [11] , also Glass et al. studied photodegradation products ( Figure 5 ) [17] .
In the process of oxidation the first derivative of piroxicam produced is dioxiethane (1), which is converted to carboxylic acid through the ring cleavage (2). In transacylation reaction 2-methyl-1,2-benzisothiazol-3 (2H)-one-1,1-dioxide (4) and N-(2-pyridyl) -methoxyformylamides (5) are formed. By subsequent carbonylation of the products (5) N-(2-pyridyl) -methoxyamide (6) are produced. The compound N-methyl-N'-(2-pyridyl)-ethane-diamide (3), is obtained by splitting the bond between nitrogen and sulfur in the structure (2) . According to the research literature [17] , among the resulting photodegradation products the main product is 2-methyl-1,2-benziso-thiazol-3(2H)-one-1,1-dioxide (4).
Stability of piroxicam exposed to daylight was monitored by changes in FTIR spectra for 30 days in our investigations. FTIR spectra of piroxicam not exposed to light (A) and continuously exposed to daylight for 5 days (B) are shown in Figure 6 .
In the spectrum of piroxicam which has been exposed to daylight for 5 days ( Figure 6B ) changes in the position and intensity of the individual bands can be observed in relation to initial piroxicam ( Figure 6A ). OH group (3338 cm -1 ) and NH group (3393 cm -1 ) valence vibration bands in the FTIR spectrum of piroxicam which has been exposed to daylight for 5 days have a significantly lower intensity and appear in the domain of noise. This indicates a change in the structure of piroxicam. Also, in the spectrum of piroxicam which has been continuously exposed to daylight for 5 days ( Figure 6B ) there is a loss of band at 688 cm -1 and a decrease of the band intensity at 734 cm -1 , resulting from C-H deformation vibrations outside the plane of the aromatic rings. This may indicate a degradation of the pyridine ring. On the other hand, bands at 1353 and 1182 cm -1 indicate the presence of SO 2 group in the piroxicam subjected to photodegradation. In the degradation product the benzene ring was retained as indicated by the bands at 1576 and 1436 cm -1 from ν(C=C). The appearance of a new medium intensity band at 1600 cm -1 ( Figure 6B ) may be assigned to a cyclic amide which, depending on the size of the ring, can be expected around 1700 cm -1 . Shifting of this band towards lower wavelengths can be associated with the presence of SO 2 group in the cyclic amide ring. Based on the above analysis of FTIR spectra and the degradation products structure shown [17] it is considered that 2-methyl-1,2-benzisothiazol-3(2H)-one--1,1-dioxide (4) had most likely been formed as a degradation product which, according to the literature [17] , is the most common (60%).
For determination of piroxicam photostability in the complex, FTIR spectroscopy was also applied. In Figure   Figure 6 . FTIR spectrum of piroxicam, which has not been exposed (A) and which has been exposed to daylight for 5 days (B).
7, A and B are shown the FTIR spectra of piroxicam:2--hydroxypropyl-β-cyclodextrin complexes exposed and not exposed to daylight for more than 30 days, respectively.
Based on the above FTIR spectra ( Figure 7A and B) it can be noted that piroxicam in the complex is stable under the influence of daylight up to 30 days. After this period of time the complex begins to decompose as evidenced by the change of position, intensity and number of bands in its FTIR spectrum ( Figure 7B ). In this spectrum the bands at 1351 and 1081 cm -1 occur as a result of SO 2 group valence vibrations, which are not present in the initial complex ( Figure 7A) . The band at 1344 cm -1 ( Figure 7A ) is not present in a complex that has been exposed to daylight for more than 30 days, but there appeared a band at 1302 cm -1 . There is also a band shift from ν(OH) vibrations of the initial complex by 26 units toward smaller wavelengths. Band occured at 3414 cm -1 in the spectrum of the complex that has been exposed to daylight, which may indicate a change in noncovalent interactions within the inclusion complex, i.e., its decomposition.
The results of this analysis show that the photostability of piroxicam in the piroxicam:2-hydroxypropyl-β--cyclodextrin inclusion complex is increased compared to that of the uncomplexed piroxicam during one month of exposure. Therefore, this formulation protects piroxicam from photodegradation and increases the safety of its application.
CONCLUSIONS
Molecular inclusion complex of piroxicam with 2-hydroxypropyl-β-cyclodextrin as complexing agent was prepared by coprecipitation method in solid state. Complex diffractograms show that the inclusion of piroxicam in the cavities of 2-hydroxypropyl-β-cyclodextrin retains the amorphous structure of the complexing agent with the characteristic low intensity peaks at 11.6 and 18-19°. Diffraction peaks of piroxicam disappear in the diffractogram of the complex, indicating its inclusion. Analysis of the results obtained by nuclear magnetic resonance ( 1 H-NMR) indicates that the H 3 and H 6 protons are involved in the noncovalent interaction with piroxicam. By analyzing FTIR spectrum of the complex piroxicam:2-hydroxypropyl-β-cyclodextrin the absence of characteristic peaks of piroxicam is observed (valence vibration bands of NH and OH groups, aromatic parts of the structure and the secondary amide), and shifts of bands typical of the complexing agent, indicating formation of supramolecular structures by inclusion. Testing photostability by FTIR method shows that by inclusion of piroxicam in the cavities of 2-hydroxypropyl-β-cyclodextrin is protected from daylight for a period of up to 30 days, while piroxicam that had not been complexed showed considerably lower stability when exposed to daylight.
